. Rapid quantitative serological assay of staphylococcal enterotoxin B. Appl. Microbiol. 14:284-291. 1966.-A simple, rapid method, based on the Oudin single diffusion technique, is described for the quantitative assay of staphylococcal enterotoxin B. The method yields reproducible results without close control of such assay variables as temperature, antiserum dilution, and assay time, provided that the ionic strength is maintained above 0.2 N sodium chloride equivalent.
Oudin (4) reviewed the literature on simple diffusion techniques for assay of antigens, in which antiserum is incorporated in a tube of soft agar and overlaid with antigen. Upon incubation, a band of precipitate forms at the interface atd migrates down into the agar; the rate of migration is directly related to the concentration of the antigen. The Oudin technique has been applied to the assay of the emesis-producing enterotoxin B from Staphylococcus aureus cultures (1, 3, 6, 7) . The assay, as customarily conducted, requires the measurements of diffusion band movement on three successive days while the assay tubes remain immersed in a constant-temperature water bath. Standard reference curves are obtained for each lot of antiserum by plotting the length of the precipitate band against the square root of time. A second graph then is made by plotting the slope of the line thus determined against the logarithms of the respective antigen concentrations. A modified Oudin method for the assay of enterotoxin B is described in this report. Certain variables that affect the test are quantitated. The method to be described is practical, simple, and rapid. It uses low-cost standard equipment and yields quantitatively reproducible results. The band length is a function of toxin concentration at any time after 4 hr. Therefore, accurate assays of enterotoxin B can be obtained based on the diffusion distance if the band length of standard reference solutions is measured within 30 min of measuring the band length of unknown enterotoxin solutions. Close control of variables, i.e., temperature, time of incubation, dilution of antiserum, method of incubation (air or water bath), is not critical, because standard reference enterotoxin solutions and unknown toxin samples are all subjected to the same conditions at the same time. Enterotoxin values are simple to calculate and are obtained within 20 to 24 hr. Accuracy, precision, and reproducibility of the assay equal or exceed the conventional simple immunodiffusion techniques described by Oudin (4) and modified by Silverman (7).
MATERIALS AND METHODS
Gel-diffusion tubes containing antiserum specific for enterotoxin B in soft agar are overlaid with known or unknown antigen (enterotoxin B) samples. The length of each zone of precipitation is measured after all tubes have been incubated at 30 C for 20 to 48 hr. A reference curve of known toxin concentration versus band length is plotted on semi-log paper and a regression line is drawn. Values of unknown samples assayed concurrently are then taken directly from the standard reference curve.
Enterotoxin B standard. Highly purified, lyophilized, enterotoxin B preparations, used to prepare standards in each group of assays, were supplied by E. J. Schantz. The amount of purified toxin in a particular sample used as a standard was based on the Kjeldahl nitrogen content multiplied by 6.2. These preparations were derived from S-6 cultures and purified by procedures described by Schantz et al. (6) .
Specific antiserum. The specific antiserum used in these studies was rabbit or burro antiserum prepared by W. G. Roessler as described by Silverman (7) . Antisera were stored at -15 C.
Phosphate-buffered saline diluent. RESULTS Effect of incubation temperature. Reference standard toxin solutions were assayed at 30, 34, and 37 C to determine the effect of increased temperature. Band migration increased approximately 0.05 mm per degree within this temperature range. Since a relatively constant slope of 1.3 was observed (Fig. 2) , no advantage in slope response was gained by increasing the incubation temperature to 37 C. Fluctuation in temperature during incubation was of little importance because standards and unknowns were both subjected to the same environment. 5oor 400k Effect of time elapsed during reading of unknown and standard. The error attributable to band migration during the period of measurements at room temperature was determined with reference standard toxin solution tubes read at 20 to 24 hr. Figure 3 shows the extent of band migration in 4 hr. The longer the elapsed time between reading of the standards and the unknown, the greater the assay error. To reduce this error, reference standard toxin solution tubes were read every 0.5 hr, and the average readings were plotted for calculating the potency for the unknown toxin samples read during each 0.5-hr period. Since the slope of the assay curve increased with time, the error was greatest at the highest potency levels. The maximal assay error when standards were read every 0.5 hr was about a3.3% at 200 ,g/ml; at 25 ,ug/ml the error was i1.3%.
Effect of diluents. The effect of salt concentration in phosphate-buffered saline on assay results was investigated. We found that correct assay values are obtained only when the salt (NaCl) concentration is 0.5 M (or 2.9%; Fig. 4 Hall et al. (3) reported that it was necessary to employ organic diluents in preparing reference standards when assaying organic material; however, we found a variation between organic diluents that was dependent upon concentration and composition. Therefore, to obtain correct assay values, the same culture medium was used both to prepare reference standards and for diluting samples of culture supematant fluids. Large errors were obtained if the ionic strength of the system was not standardized. Figure 5 shows the variation in band movement when purified enterotoxin B is diluted with the indicated diluents. Assay values of undiluted 3% N-Z Amine type A (NZAA) broth samples would be expected to be about 10% low when calculated from a reference standard curve prepared with salt buffer. Table 3 was the method used to calculate the potencies of the (7) . In a no-salt buffer system, 25 ,g/ml of toxin is the lowest toxin level that will form a precipitin band. In 0.02 M salt buffer, 12.5 ,g/ml form a band and 2 ,g/ml of toxin can be determined if salt buffer is increased to 0.2 M. Thus, if it is desired to detect very small amounts of enterotoxin, 0.2 M buffer should be used. Sodium salts other than those with Cl-should be considered for precipitin reactions; the data indicated 1-, Br, and NO3-to be more effective than Cl-or S042.
Band migration continues in linear proportion to the square root of time during the period of measurements. Ideally, it would be advantageous if the band migration could be halted at the time of reading; however, since no practical method is known that would stop the band migration, the time between readings of the standards and unknowns should be kept as short as possible and always less than 30 min.
Dense secondary bands will form if the environmental temperature is suddenly lowered by a few degrees or if the temperature fluctuates a few degrees during incubation. The dense secondary band is fixed (2) . A sudden rise in temperature results in a clear gap. The problem of secondary band or gap formation can be prevented by incubating at the same temperature as that at which the bands are read.
The rapid quantitative assay procedure described is not subject to the limitation of the quantitative methods as reported by Rubinstein (5) and Silverman (7) . Unknown antigen concentration can be determined by precipitin band measurements in 16 hr, and good estimates of toxin concentration can be obtained in as short a time as 4 hr. Involved titration and plottings of each lot of antiserum are not required, although somewhat more toxin is required than for the 3-day assay. Rigid control of reagents and conditions of the assay are not necessary. Involved and time-consuming plotting or calculation of assay values are unnecessary because standard enterotoxin B solutions and unknown toxin samples are both subjected to the same manipulations and environmental conditions. The method is also applicable for other precipitating antigen-antibody systems. A specific single component toxin of high purity is desirable; however, crude toxins can also be used as a reference point and for preparing antiserum during purification procedures. 
